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(54) Surface acoustic wave filter 

(57) A surface acoustic wave filter (1 000) includes, 
on a piezoelectric substrate (X), longitudinally coupled 
resonator type surface acoustic wave filter sections 
(1001,1002), including interdigital transducers, each 
having a narrow-pitched electrode finger portion in an 
area where interdigital transducers are adjacent to each 
other, first surface acoustic wave resonators 
(1023,1024), between the surface acoustic wave filter 
sections (1001,1002) and an input terminal (213), and 



second surface acoustic wave resonators (1021,1022) 
between the surface acoustic wave filter sections 
(1001,1002) and output terminals (214,215). The reso- 
nance point of the surface acoustic wave resonators 
(1021-1025) falls within the passband of the surface 
acoustic wave filter sections (1001,1002), and the 
anti resonance point of the surface acoustic wave reso- 
nators is positioned in the vicinity of the high frequency 
side of the passband. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a surface 
acoustic wave filter and, more particularly, to a surface 
acoustic wave filter including a surface acoustic wave 
resonator connected in series with a surface acoustic 
wave filter section. 

2. Description of the Related Art 

[0002] Surface acoustic wave filters are widely used 
as a bandwidth filter in an RF stage in a mobile tele- 
phone. 

[0003] For example, Japanese Unexamined Patent 
Application Publication No. 7-30367 discloses this sort 
of surface acoustic wave filter. FIG. 41 illustrates the 
construction of electrodes of the disclosed surface 
acoustic wave filter. In a surface acoustic wave filter 
2001 , a surface acoustic wave resonator 2003 is con- 
nected in series with aserially coupled 3-IDT (interdigital 
transducer) resonator type surface acoustic wave filter 
section 2002. The antiresonance frequency of the sur- 
face acoustic wave resonator 2003 is positioned on a 
high frequency side of the passband of the longitudinally 
coupled resonator type surface acoustic wave filter sec- 
tion 2002, while the resonance frequency of the surface 
acoustic wave resonator 2003 is positioned within the 
passband. Since the antiresonance frequency of the 
surface acoustic wave resonator 2003 is positioned on 
a high frequency side of the passband of the longitudi- 
nally coupled resonatortype surface acoustic wave filter 
section 2002, attenuation in the vicinity of the high fre- 
quency side of the passband becomes large. Since the 
resonance frequency falls within the passband, trans- 
mission characteristic within the passband suffers from 
no large degradation. 

[0004] If the surface acoustic wave filter 2001 is used 
as a wideband filter such as a DSC filter having a wide 
passband width, the VSWR (Voltage-Standing-Wave 
Ratio) in a high-frequency region of the passband is not 
high enough. The effect of parasitic capacitances gen- 
erated in a piezoelectric substrate and a package be- 
comes predominant in a high frequency region of the 
filter, and the impedance of the filter becomes capacitive 
if a wideband filter feature is implemented. 
[0005] This trend becomes pronounced in the high 
frequency region of the passband. A threefold mode fil- 
ter is typically used to widen band width. However, the 
frequency separation between three resonance modes 
naturally becomes large in an attempt to achieve the 
wideband feature. To balance impedance matching 
within the passband on the other hand, the impedance 
matching is performed on a center resonance mode out 
of the three resonance modes. The two remaining res- 



onance modes in a low frequency and a high frequency 
region thus fall out of matching conditions. In high fre- 
quency applications in particular, the effect of capaci- 
tance in the resonance mode in the high frequency re- 

5 gion is pronounced. The impedance of the filter be- 
comes inductive on the resonance mode in the low fre- 
quency region while becoming capacitive on the reso- 
nance mode in the high frequency region. The reso- 
nance mode in the high frequency region tends to suffer 

10 from the effect of capacitance, thereby being subject to 
the above-mentioned problem. 

SUMMARY OF THE INVENTION 

15 [0006] Accordingly, it is an object of the present inven- 
tion to overcome the drawback of the conventional art, 
and to provide a surface acoustic wave filter which in- 
cludes a surface acoustic wave resonator connected in 
series with a surface acoustic wave filter section and 
20 presents a good VSWR in a wide passband. 

[0007] In a first aspect of the present invention, a sur- 
face acoustic wave filter includes a surface acoustic 
wave filter section including a piezoelectric substrate, at 
least two IDTs arranged in a direction of propagation of 
25 a surface acoustic wave on the piezoelectric substrate, 
each of the IDTs having a narrow-pitched electrode fin- 
ger portion from one end of the IDT having electrode 
fingers arranged at a pitch narrower than that of elec- 
trode fingers in the remaining portion thereof, at an area 
30 where the IDTs are adjacent to each other, and at least 
one surface acoustic wave resonator connected in se- 
ries between the surface acoustic wave filter section and 
one of an input signal terminal and an output signal ter- 
minal. Thesurface acoustic wave filtersection is athree- 
35 fold mode surface acoustic wave filter section of a lon- 
gitudinally coupled resonator type, and impedance of 
the surface acoustic wave filter section is capacitive in 
a resonance mode in the highest frequency region out 
of three resonance modes. The resonance point of the 
40 surface acoustic wave resonator is positioned within a 
passband of the surface acoustic filter section, and the 
antiresonance point of the surface acoustic wave reso- 
nator is positioned in the vicinity of the high frequency 
region of the passband of the surface acoustic wave fil- 
45 ter section. The surface acoustic wave resonator is 
formed so that the impedance in the resonance mode 
positioned in the highest frequency region is close to an 
impedance matching point. 

[0008] Preferably, at least a portion of the IDT is 
50 weighted in an area where a plurality of IDTs are adja- 
cent to each other in the surface acoustic filter section. 
Weighting the portion of the IDT improves the out-of- 
passband characteristics of the filter. An arrangement 
featuring an unbalance-balance converting function 
55 compensates for an amplitude deviation and a phase 
shift from a phase difference of 1 80° in a signal output 
from a circuit between an unbalanced signal terminal 
and one of the balanced signal terminals with respectto 
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an input signal to a circuit between the unbalanced sig- 
nal terminal and the other of the balanced signal termi- 
nals. 

[0009] Preferably, the surface acoustic filter section 
includes an odd number of IDTs, and at least one sur- 
face acoustic wave resonator is connected between the 
surface acoustic wave filter section and one of the input 
signal terminal and the output signal terminal whichever 
has a larger number of IDTs connected thereto. The 
VSWR is further improved. 

[0010] Preferably, the surface acoustic wave resona- 
tors include at least one surface acoustic wave resona- 
tor connected in series between the surface acoustic 
wave filter section and the input signal terminal, and at 
least one surface acoustic wave resonator connected in 
series between the surface acoustic wave filter section 
and the output signal terminal. The VSWR is further im- 
proved. 

[0011] In a second aspect of the present invention, a 
surface acoustic wave filter includes a surface acoustic 
wave filter section including a piezoelectric substrate, at 
least two IDTs arranged in a direction of propagation of 
a surface acoustic wave on the piezoelectric substrate, 
and a reflector, arranged between adjacent IDTs, having 
a plurality of electrodefingers at an electrode finger pitch 
different from the finger pitch of the IDTs, and at least 
one surface acoustic wave resonator connected in se- 
ries between the surface acoustic wave filter section and 
one of an input signal terminal and an output signal ter- 
minal. The surface acoustic filter section is a longitudi- 
nally coupled resonator type, threefold mode surface 
acoustic filter section, and impedance of the surface 
acoustic wave filter section is capacitive in a resonance 
mode in the highest frequency region out of the three 
resonance modes. The resonance point of the surface 
acoustic wave resonator is positioned within a passband 
of the surface acoustic filter section, and the antireso- 
nance point of the surface acoustic wave resonator is 
positioned in the vicinity of the high frequency region of 
the passband of the surface acoustic wave filter section . 
The surface acoustic wave resonator is formed so that 
the impedance in the resonance mode positioned in the 
highest frequency region is close to an impedance 
matching point. 

[0012] Preferably, the surface acoustic filter section 
includes an odd number of IDTs, and at least one sur- 
face acoustic wave resonator is connected between the 
surface acoustic wave filter section and one of the input 
signal terminal and the output signal terminal whichever 
has a larger number of IDTs connected thereto. The 
VSWR is thus further improved. 
[0013] The surface acoustic wave resonators may in- 
clude at least one surface acoustic wave resonator con- 
nected in series between the surface acoustic wave filter 
section and the input signal terminal, and at least one 
surface acoustic wave resonator connected in series 
between the surface acoustic wave filter section and the 
output signal terminal. The VSWR is thus further im- 



proved. 

[0014] Preferably, the surface acoustic wave filter in- 
cludes a plurality of surface acoustic wave resonators 
connected between the surface acoustic wave filter sec- 
5 tion and at least one of the input signal terminal and the 
output signal terminal. 

[001 5] At least one of the input signal terminal and the 
output signal terminal may include a pair of balanced 
signal terminals. 

[0016] Preferably, the input signal terminal and the 
outputsignal terminal function as an unbalance-balance 
converterwith one of the inputsignal terminal and output 
signal terminal being a balanced signal terminal, and the 
other of the input signal terminal and output signal ter- 
minal being an unbalanced signal terminal. 
[001 7] In certain preferred embodiments of the inven- 
tion, the surface acoustic wave filter section includes a 
first surface acoustic wave filter block and a second sur- 
face acoustic wave filter block, outputting respective 
output signals that differ from each other in phase by 
1 80°, ends of the first and second surface acoustic wave 
filter blocks are connected together, functioning as an 
unbalanced signal terminal, and the other ends of the 
first and second surface acoustic wave filter blocks func- 
tion as balanced signal terminals. 
[0018] In other preferred embodiments of the inven- 
tion, the surface acoustic wave filter section comprises 
a single surface acoustic wave filter block, terminals of 
the surface acoustic wave filter block function as a pair 
of balanced signal terminals, and the other terminal of 
the surface acoustic wave filter block functions as an 
unbalanced signal terminal. 

[0019] At least one IDT of the surface acoustic wave 
filter section may include first and second separate IDT 
sections split in a direction across the electrode finger 
or in a direction of propagation of a surface acoustic 
wave. 

[0020] The surface acoustic wave resonator and the 
surface acoustic wave filter section may be formed on 
the same piezoelectric substrate. The surface acoustic 
wave resonator is thus produced into a single chip. 
[0021] Preferably, the surface acoustic wave filter fur- 
ther includes a case plate, wherein the piezoelectric 
substrate is mounted on the case plate in a mannersuch 
that the side of the piezoelectric substrate bearing the 
surface acoustic wave filter section and the surface 
acoustic wave resonatorfaces the case plate. In accord- 
ance with the present invention, a surface acoustic wave 
filter device having a surface acoustic wave filter ele- 
ment mounted on the case plate is manufactured using 
a flip-chip technique. 

[0022] In a third aspect of the present invention, a 
communications apparatus includes the surface acous- 
tic wave filter of the present invention. The communica- 
tions apparatus of the present invention employs a sur- 
face acoustic wave filter having a wide bandwidth and 
excellent VSWR. 

[0023] Further features and advantages of the 
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present invention will become apparent from readingthe 
following description of preferred embodiments thereof, 
given by way of example, with reference to the accom- 
panying drawings, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] 

FIG. 1 is a plan view diagrammatically showing an 
electrode structure of a surface acoustic wave filter 
of a first embodiment of the present invention; 
FIG. 2 plots transmission characteristics of the sur- 
face acoustic wave filter of the first embodiment and 
the surface acoustic wave filter of a comparative ex- 
ample; 

FIG. 3 plots input VSWR characteristics of the sur- 
face acoustic wave filter of the first embodiment and 
the surface acoustic wave filter of the comparative 
example; 

FIG. 4 plots output VSWR characteristics of the sur- 
face acoustic wave filter of the first embodiment and 
the surface acoustic wave filter of the comparative 
example; 

FIG. 5 plots, in a Smith chart, reflective character- 
istics S11 of the surface acoustic wave filter of FIG. 

1; 

FIG. 6 plots, in a Smith chart, reflective character- 
istics S22 of the surface acoustic wave filter of FIG. 

1; 

FIG. 7 A plots the transmission characteristics of the 
surface acoustic wave filter of the first embodiment 
showing the relationship between a plurality of gen- 
erated resonance modes and frequencies thereof, 
and FIG. 7B explains the resonance modes; 
FIG. 8 is a plan view diagrammatically showing the 
surface acoustic wave filter of the first embodiment 
with a surface acoustic wave resonator removed 
therefrom; 

FIG. 9 plots, in a Smith chart, reflective character- 
istics S1 1 of the surface acoustic wave filter having 
the structure shown in FIG. 8; 
FIG. 1 0 plots, in a Smith chart, reflective character- 
istics S22 of the surface acoustic wave filter having 
the structure shown in FIG. 8; 
FIG. 11 plots, in a Smith chart, the reflective char- 
acteristics S11 at the input of the surface acoustic 
wave filter of the comparative example; 
FIG. 12 plots, in a Smith chart, the reflective char- 
acteristics S22 at the output of the surface acoustic 
wave filter of the comparative example; 
FIG. 1 3 is a plan view showing the electrode struc- 
ture of the surface acoustic wave filter of the first 
embodiment with two surface acoustic wave reso- 
nators removed therefrom; 
FIG. 14 plots, in a Smith chart the reflective char- 
acteristics S11 of the surface acoustic wave filter 
shown in FIG. 13; 



FIG. 15 plots, in a Smith chart, the reflective char- 
acteristics S22 of the surface acoustic wave filter 
shown in FIG. 13; 

FIG. 1 6 is a plan view showing the electrode struc- 
5 ture of asurface acoustic wavefilter which has three 
resonance modes without a narrow-pitched elec- 
trode finger portion; 

FIG. 1 7 plots attenuation-frequency characteristics, 
explaining a resonance mode of a surface acoustic 
10 wave filter which has a spacing Y of 0.30AJ between 
IDTs without narrow-pitched electrode finger por- 
tion; 

FIG. 1 8 is a plan view diagrammatically showing the 
electrode structure of a surface acoustic wave filter 

15 in accordance with a modification of thefirst embod- 
iment of the present invention; 
FIG. 1 9 is a plan view diagrammatically showing the 
electrode structure of a surface acoustic wave filter 
in accordance with a modification of thefirst embod- 

20 iment of the present invention; 

FIG. 20 is apian view diagrammatically showing the 
electrode structure of a surface acoustic wave filter 
in accordance with a modification of thefirst embod- 
iment of the present invention; 

25 FIG. 21 is a plan view diagrammatically showing the 
electrode structure of a surface acoustic wave filter 
in accordance with a modification of thefirst embod- 
iment of the present invention; 
FIG. 22 is a plan view diagrammatically showing the 

30 electrode structure of a surface acoustic wave filter 
in accordance with a modification of the first embod- 
iment of the present invention; 
FIG. 23 is a cross-sectional view diagrammatically 
showing the structure of the surface acoustic wave 

35 filter housed in a package; 

FIG. 24 is a plan view diagrammatically showing the 
electrode structure of the surface acoustic wave fil- 
ter in accordance with a second embodiment of the 
present invention; 

40 FIG. 25 plots transmission characteristics of the 
surface acoustic wave filter of the second embodi- 
ment; 

FIG. 26 plots input VSWR characteristics of the sur- 
face acoustic wave filter of the second embodiment; 
45 FIG. 27 plots output VSWR characteristics of the 
surface acoustic wave filter of the second embodi- 
ment; 

FIG. 28 plots, in a Smith chart, reflective character- 
istics S11 at the input of the surface acoustic wave 

50 filter of the second embodiment; 

FIG. 29 plots, in a Smith chart, reflective character- 
istics S22 at the output of the surface acoustic wave 
filter of the second embodiment; 
FIG. 30 is a plan view showing a modification of the 

55 surface acoustic wave filter of the second embodi- 
ment; 

FIG. 31 is a plan view showing another modification 
of the surface acoustic wave filter of the second em- 
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bodiment; 

FIG. 32 is a plan view showing yet another modifi- 
cation of the surface acoustic wave filter of the sec- 
ond embodiment; 

FIG. 33 is a plan view showing yet a further modifi- 
cation of the surface acoustic wave filter of the sec- 
ond embodiment; 

FIG. 34 is a plan view showing yet a further modifi- 
cation of the surface acoustic wave filter of the sec- 
ond embodiment; 

FIG. 35 is a plan view showing yet a further modifi- 
cation of the surface acoustic wave filter of the sec- 
ond embodiment; 

FIG. 36 is a plan view showing yet a further modifi- 
cation of the surface acoustic wave filter of the sec- 
ond embodiment; 

FIG. 37 is a plan view diagrammatical ly showing the 
electrode structure of the surface acoustic wave fil- 
ter of a third embodiment of the present invention; 
FIG. 38 is a plan view diagrammatical ly showing the 
electrode structure of a modification of the surface 
acoustic wave filter of the third embodiment; 
FIG. 39 is a plan view diagrammatical ly showing the 
electrode structure of the surface acoustic wave fil- 
ter in accordance with a fourth embodiment of the 
present invention; 

FIG. 40 is a plan view diagrammatical ly showing the 
electrode structure of a surface acoustic wave filter 
of a variant of the second embodiment of the 
present invention; and 

FIG. 41 is a plan view showing the electrode struc- 
ture of a conventional surface acoustic wave filter 
device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] The embodiments of the present invention will 
now be discussed. 

[0026] FIG. 1 is a plan view diagrammatically showing 
an electrode structure of a surface acoustic wave filter 
of a first embodiment of the present invention. In the first 
embodiment, the present invention is applied to a sur- 
face acoustic wave filter having unbalance-balance con- 
verting function, for example for DSC receiving. In the 
present illustrative example, the impedance of the un- 
balanced signal terminals is 50 £2 while the impedance 
of the balanced signal terminals is 150 £1 
[0027] As shown, an electrode structure, fabricated of 
Al, is arranged on a piezoelectric substrate X (with only 
the outline thereof diagrammatically shown). The piezo- 
electric substrate X is a 40 ± 5° y-cut, X-propagating 
LiTa0 3 substrate. 

[0028] A longitudinally coupled resonator type sur- 
face acoustic wave filter section 201 includes IDTs 203 
through 205 arranged in a direction of propagation of a 
surface acoustic wave. Reflectors 206 and 207 are re- 
spectively arranged at both ends of a region bearing the 



IDTs 203 through 205 along the direction of propagation 
of the surface acoustic wave. 

[0029] As shown in FIG. 1 , each IDT has several elec- 
trode fingers at an end thereof having an electrode fin- 

5 ger pitch narrower, in an area where the IDTs 203 and 
204 are adjacent to each other and in an area where the 
IDTs 204 and 205 are adjacent to each other, than an 
electrode finger pitch of the remaining portion of each 
IDT. Specifically, narrow-pitched electrode finger por- 

10 tions represented by the arrows S in FIG. 1 are formed. 
With the narrow-pitched electrode finger portion ar- 
ranged in each of the IDTs 203 through 205, insertion 
loss in the passband of the filter is reduced. 
[0030] Like the longitudinally coupled resonator type 

15 surface acoustic wave filter section 201 , a longitudinally 
coupled resonator type surface acoustic wave filter sec- 
tion 202 also includes three IDTs 208 through 210 and 
reflectors 211 and 212. A narrow-pitched portion repre- 
sented by the arrow S is also arranged in each of the 

20 IDTs 208 through 210 in an area where the IDTs 208 
and 209 are adjacent to each other and in an area where 
the IDTs 209 and 210 are adjacent to each other. 
[0031] The IDTs 208 and 21 0 in the longitudinally cou- 
pled resonator type surface acoustic wave filter section 

25 202 are inverted with respect to the IDTs 203 and 205 
in the longitudinally coupled resonator type surface 
acoustic wave filter section 201 . Specifically, the phase 
of an output signal of the longitudinally coupled resona- 
tortype surface acoustic wave filter section 202, respon- 

30 sive to a signal input thereto, is shifted by 1 80° from an 
output signal from the longitudinally coupled resonator 
type surface acoustic wave filter section 201 . 
[0032] Referring to FIG. 1 , an input terminal is an un- 
balanced signal terminal 213, while output terminals are 

35 a pair of balanced signal terminals 21 4 and 215. An in- 
ductance element 216 is connected between the bal- 
anced signal terminals 214 and 215. In the present il- 
lustrative example of the first embodiment, an induct- 
ance element of 18 nH is used for the inductance ele- 

40 ment216. 

[0033] A surface acoustic wave resonator 221 is se- 
rially connected between the longitudinally coupled res- 
onatortype surface acoustic wave filter section 201 and 
the balanced signal terminal 214. Similarly, a surface 

45 acoustic wave resonator 222 is connected between the 
longitudinally coupled resonator type surface acoustic 
wave filter section 202 and the balanced signal terminal 
215. 

[0034] Specifically, in the first embodiment, the IDTs 
50 203 and 205 in the longitudinally coupled resonatortype 
surface acoustic wave filter section 201 are connected 
to the surface acoustic wave resonator 221 . Also in the 
longitudinally coupled resonator type surface acoustic 
wave filter section 202, the IDTs 208 and 210 are con- 
55 nected to the surface acoustic wave resonator 222. 
[0035] The surface acoustic wave resonator 221 has 
reflectors 224 and 225 respectively at both ends of a 
single IDT 223 in the direction of propagation of the sur- 
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face acoustic wave. The surface acoustic wave resona- 
tor 221 is a one-port type surface acoustic wave reso- 
nator having reflectors. The surface acoustic wave res- 
onator 222 has also an identical structure. 
[0036] Alternatively, surface acoustic wave resona- 
tors 221 and 222 having no reflector may be used. 
[0037] To simplify the drawings, the number of elec- 
trode fingers in each of the longitudinally coupled reso- 
natortype surface acoustic wave filter sections 201 and 
202, and surface acoustic wave resonators 221 and 222 
in FIG. 1 is smallerthan the actual number of electrode 
fingers. 

[0038] In the first embodiment, the surface acoustic 
wave resonators 221 and 222 are identical to each other 
in structure. The resonance frequencies of the surface 
acoustic wave resonators 221 and 222 fall within the 
passbands of the longitudinally coupled resonator type 
surface acoustic wave filter sections 201 and 202, re- 
spectively, and the antiresonance frequencies of the 
surface acoustic wave resonators 221 and 222 are po- 
sitioned in the vicinities of the high frequency sides of 
the passbands of the longitudinally coupled resonator 
type surface acoustic wave filter sections 201 and 202, 
respectively. As test results will show later, the use of 
the surface acoustic wave resonators 221 and 222 plac- 
es, close to an impedance matching point at each of an 
input terminal and an output terminal, each of the im- 
pedances of the longitudinally coupled resonator type 
surface acoustic wave filter sections 201 and 202 in a 
resonance mode in the highest frequency region , out of 
resonance modes thereof. VSWR characteristics are 
thus improved. The tests are specifically discussed. 
[0039] A specific example of the design of the longi- 
tudinally coupled resonator type surface acoustic wave 
filter section 201 of the first embodiment will be dis- 
cussed below. I n the first embodiment, the electrode fin- 
ger pitches in the narrow-pitched electrode finger por- 
tions of the IDTs 203 through 205 and IDTs 208 through 
21 0 are equalized. Let AJ1 represent the surface acous- 
tic wave determined by the electrode finger pitch of the 
remaining portion other than the narrow-pitched elec- 
trode finger portion. 

[0040] Design specifications of the filter according to 
this illustrative example are as follows: 

Transverse width W 41 .8AJ1 
Electrode fingers of each of the IDTs 203 and 205: 
number of electrode fingers in the narrow-pitched 
electrode finger portion = 3 and 
number of electrode fingers in the remaining elec- 
trode finger portion = 18 

Electrode fingers of the IDT 204: number of elec- 
trode fingers in the narrow-pitched electrode finger 
portion = 3 (in each portion adjacent to the IDTs 203 
and 205), and number of electrode fingers in the re- 
maining electrode finger portion = 33 
Number of electrodefingers in each of the reflectors 
206 and 207 = 90 



Duty factor of each of the IDTs = 0.72 

Duty factor of each of the reflectors 206 and 207 = 

0.57 

Thickness of the electrode finger = 0.092X11 

5 

[0041] The longitudinally coupled resonatortype sur- 
face acoustic wave filter section 202 is identical in con- 
struction to the longitudinally coupled resonator type 
surface acoustic wave filter section 201 except that the 
10 alignment of the IDTs 208 and 210 are opposite to the 
alignment of the IDTs 203 and 205, and that the bnum- 
ber of electrode fingers of the reflector is 60. 
[0042] Optionally, the longitudinally coupled resona- 
tor type surface acoustic wave filter sections 201 and 
15 202 may be different in design to improve the degree of 
balance between the balanced signal terminals 214 and 
215, and to increase attenuation in the stopband. As 
long as such an optional design satisfies the construc- 
tion of the present invention, the advantage of the 
20 present invention is still provided. 

[0043] The design specifications of the surface 
acoustic wave resonators 221 and 222 are as follows: 

Transverse width = 23. 61 
25 Number of electrode fingers of the IDT = 241 

Number of electrode fingers of the reflector = 30 
Duty factor = 0.60 
Electrode thickness = 0.093k 

30 [0044] Thesurface acoustic wave resonators 221 and 
222 are identical to each other in construction. Option- 
ally, the surface acoustic wave resonators 221 and 222 
may be different in design from each other to improve 
the degree of balance between the balanced signal ter- 

35 minals 214 and 215, and to increase attenuation in the 
stopband. Such an optional design still provides the ad- 
vantage of the present invention as long as the reso- 
nance frequency falls within the passband of each of the 
longitudinally coupled resonator type surface acoustic 

40 wave filter sections 201 and 202, and the antiresonance 
frequency is positioned in the vicinity of the high fre- 
quency region of the passband. 
[0045] FIG. 2 plots, in solid line, transmission charac- 
teristics of the surface acoustic wave filter 200 thus con- 

45 structed in accordance with the first embodiment of the 
present invention. FIG. 3 plots, in solid line, VSWR char- 
acteristics of the surface acoustic wave filter 200 at the 
input side thereof (at the unbalanced terminal 213), and 
FIG. 4 plots, in solid line, VSWR characteristics of the 

50 surface acoustic wave filter 200 at the output side there- 
of (at the balanced signal terminals 214 and 215). For 
comparison . characteristics of the surface acoustic 
wave filter of a comparative example are identified by 
broken lines in FIGS. 2 through 4. 

55 [0046] The surface acoustic wave filter of the compar- 
ative example has a conventional structure in which the 
surface acoustic wave resonators 221 and 222 are re- 
spectively connected in series with the longitudinally 
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coupled resonator type surface acoustic wave filter sec- 
tions 201 and 202 so that the attenuation in the high 
frequency region ofthepassband increases. In the com- 
parative example, the wavelength determined by the 
pitch of the surface acoustic wave resonators 221 and 
222 is shortened by 1%. The rest of the construction of 
the comparative example remains unchanged from the 
first embodiment of the present invention. 
[0047] The frequency range of the passband of a DCS 
receiving filter is 1 805 to 1 880 MHz. If the VSWR char- 
acteristics of the surface acoustic wave filters of the first 
embodiment and the comparative example are com- 
pared within that frequency range, the first embodiment 
has improvements over the comparative example as 
shown in FIGS. 3 and 4. Specifically, the comparative 
example results in a VSWR of 2.1 at the input and a 
VSWR of 1 .9 at the output while the first embodiment 
results in a VSWR of 1 .8 at the input and a VSWR of 1 .7 
at the output. The first embodiment presents improve- 
ments of VSWR by 0.3 at the input and 0.2 at the output 
over the comparative example. As shown in FIG. 2, the 
surface acoustic wave filter of the first embodiment is 
degraded in attenuation of transmission characteristics 
by about 1 dB with respect to the comparative example 
within a region (1920-1980 MHz) at a higher frequency 
than the passband, but there is no significant difference 
within the passband. 

[0048] The surface acoustic wave filter of the first em- 
bodiment improves the VSWR over the surface acoustic 
wave filter of the comparative example without degrad- 
ing the transmission characteristics of the passband too 
much. 

[0049] The reason why such an advantage is provid- 
ed is discussed below. 

[0050] FIG. 5 plots, in a Smith chart, reflective char- 
acteristics S1 1 of the surface acoustic wave filter at the 
input thereof, and FIG. 6 plots, in a Smith chart, reflec- 
tive characteristics S22 of the surface acoustic wave fil- 
ter at the output thereof. FIGS. 5 and 6 show that reso- 
nance modes A through C are available. Specifically, the 
surface acoustic wave filter 200 is a longitudinally cou- 
pled resonator type threefold mode surface acoustic 
wave filter. 

[0051] FIG. 7A plots the transmission characteristics 
of the surface acoustic wave filter of the first embodi- 
ment in a widerfrequency range. The resonance modes 
identified by the arrows A through C are shown in the 
attenuation-frequency characteristics. Referring to FIG. 
7B, the longitudinally coupled resonator type surface 
acoustic wave filter having three IDTs forms a passband 
of three modes, namely, a zero-order mode (the reso- 
nance mode identified by the arrow B), a secondary 
mode (the resonance mode identified by the arrow A), 
and a mode (identified by the arrow C) having a peak in 
the intensity distribution of the surface acoustic wave. 
[0052] A longitudinally coupled resonator type sur- 
face acoustic wave filter 400 is manufactured by remov- 
ing the surface acoustic wave resonators 221 and 222 



from the surface acoustic wave filter 200 as shown in 
FIG. 8. The surface acoustic wave filter 400 employs 
only longitudinally coupled resonator type surface 
acoustic wave filter sections 201 and 202. 
5 [0053] FIGS. 9 and 10 are Smith charts respectively 
showing reflective characteristics S11 of the surface 
acoustic wave filter 400 at the input thereof and reflec- 
tive characteristics S22 of the surface acoustic wave fil- 
ter 400 at the output thereof. A comparison of FIGS. 9 
and 10 with FIGS. 5 and 6 reveals that the resonance 
mode C disappears. This does not means that the res- 
onance mode C is non-existent. The resonance mode 
C is simply not recognized in the Smith chart because 
the resonance mode C is generated at a location far 
apart from the impedance matching point. 
[0054] Similarly, FIGS. 11 and 12 are Smith charts re- 
spectively showing reflective characteristics S11 of the 
comparative example at the input thereof and reflective 
characteristics S22 of the comparative example at the 
output thereof. A comparison of FIGS. 11 and 12 with 
FIGS. 5 and 6 reveals that the resonance mode C is not 
recognized as in the reflective characteristics of the sur- 
face acoustic wave filter 400 shown in FIG. 8. Since the 
surface acoustic wave resonators 221 and 222 are con- 
structed to attain attenuation in the high frequency side 
of the passband in the surface acoustic wave filter of the 
comparative example, the resonance mode C of the lon- 
gitudinally coupled resonator type surface acoustic 
wave filter sections 201 and 202 is not sufficiently close 
to the impedance matching point. In other words, the 
surface acoustic wave filter 200 of the first embodiment 
includes the surface acoustic wave resonators 221 and 
222 in which the resonance mode C is set to be close 
to the impedance matching point. The VSWR charac- 
teristics are thus improved. 

[0055] In view of the results shown in FIGS. 9 and 10, 
the inventors of the present invention have studied the 
manner of connection of the surface acoustic wave res- 
onators to the longitudinally coupled resonatortype sur- 
face acoustic wave filter sections 201 and 202. Refer- 
ring to FIG. 13, surface acoustic wave resonators 226 
and 227 are respectively connected to the inputs of the 
longitudinally coupled resonator type surface acoustic 
wave filter sections 201 and 202. FIGS. 14 and 15 are 
Smith charts respectively showing reflective character- 
istics S11 and S22 of the filter. 

[0056] As understood from FIGS. 14 and 15, the res- 
onance mode C appears in the reflective characteristics 
S22 when the surface acoustic wave resonators are 
connected to the input of the filter. The resonance mode 
C is not recognized in the reflective characteristics S11 
since the resonance mode C is spaced apart from the 
impedance matching point. The VSWR is not sufficiently 
improved in comparison with the first embodiment. 
[0057] The first embodiment efficiently improves the 
VSWR by connecting the surface acoustic wave reso- 
natortothe input terminal orthe output terminal of each 
of the longitudinally coupled resonator type surface 
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acoustic wave filter sections 201 and 202, whichever 
has a larger number of IDTs connected thereto. 
[0058] In accordance with the present invention, each 
of the longitudinally coupled resonator type surface 
acoustic wavefiltersections 201 and 202 has the above- 
referenced narrow-pitched electrode finger portions. 
The insertion loss within the passband is thus reduced, 
and the present invention has further a pronounced ef- 
fect as discussed below. 

[0059] To use the above-referenced resonance 
modes without the narrow-pitched electrode fingers, as 
illustrated in Fig. 1 6, the spacing Y between the adjacent 
IDTs having no narrow-pitched electrode portion in each 
of the longitudinally coupled resonator type surface 
acoustic wave filter sections 201 X and 202X must be 
placed within a range of (0.25 + 0.5n)X\ to (0.30 + 0.5n) 
AJ (n = 0, 1 , 2,...). In this arrangement, a large disconti- 
nuity point occurs in the surface acoustic wave propa- 
gation path, and the insertion loss within the passband 
increases. In particular, the resonance mode C is ad- 
versely affected by the discontinuity in the propagation 
path, because the resonance mode C has a peak in cur- 
rent distribution in an area where the IDTs are adjacent 
to each other. 

[0060] FIG. 17 plots, in broken line, the resonance 
modes in the attenuation-frequency characteristics of 
the surface acoustic wave filter which has no narrow- 
pitched electrode fingers with the spacing Y between the 
adjacent IDTs set to be 0.30AJ. In this arrangement, each 
of the IDTs includes electrode fingers at a pitch equal to 
a pitch of the remaining portion, instead of the narrow- 
pitched electrode finger portion, and has the same total 
number of electrode fingers as the first embodiment. 
[0061] FIG. 17 also plots the characteristics of the sur- 
face acoustic wave filter 200 of the first embodiment in 
solid line together with the characteristics of the longi- 
tudinally coupled resonator type surface acoustic wave 
filter of the comparative example identified in broken 
line. 

[0062] As understood from FIG. 1 7, the filter with the 
spacing between the adjacent IDTs being at 0.30M has 
more insertion loss in the resonance mode C and de- 
creases quality factor Q compared with the filter of the 
first embodiment. A reduced quality factor Q distorts the 
right edge, namely, the high-frequency edge of the pass- 
band response, even if the resonance mode C is imped- 
ance matched. This enlarges the insertion loss. To avoid 
enlarging the insertion loss, the passband width must 
be widened. If the passband width is widened, the 
VSWR characteristics are degraded. The advantage of 
the present invention is not sufficiently exploited. To pro- 
vide the advantage of the present invention using the 
configuration of the first embodiment, the longitudinally 
coupled resonator type surface acoustic wave filter sec- 
tions 201 and 202 must employ the narrow-pitched elec- 
trode finger portions. 

[0063] As described above, the longitudinally coupled 
resonator type su rface acoustic wave filter 200 includes 



three IDTs 203 through 205 and three IDTs 208 through 
21 0 arranged in the direction of propagation of the sur- 
face acoustic wave on the piezoelectric substrate, and 
the longitudinally coupled resonatortype surface acous- 

5 tic wave filter sections 201 and 202, each having the 
narrow-pitched electrode finger portion. The surface 
acoustic wave resonators 221 and 222 are respectively 
connected to the outputs of the longitudinally coupled 
resonator type surface acoustic wave filter sections 201 

10 and 202, namely, the terminals having a larger number 
of IDTs connected thereto. The resonance frequency of 
the surface acoustic wave resonators 221 and 222 falls 
within the passband of the longitudinally coupled reso- 
natortype surface acoustic wave filter sections 201 and 

15 202, and the antiresonance frequency of the surface 
acoustic wave resonators 221 and 222 is placed out of 
the passband in the vicinity of the high frequency side 
of the passband. The use of the surface acoustic wave 
resonator places the impedance of the resonance mode 

20 c within the highest frequency region of the surface 
acoustic wave filter 200 close to the impedance match- 
ing point. As a result, the VSWR is improved without sig- 
nificantly degrading the transmission characteristic in 
the passband. 

25 [0064] FIGS. 18 through 22 are plan views diagram- 
matically showing the electrode structures of surface 
acoustic wave filters in accordance with modifications 
of the first embodiment of the present invention. 
[0065] A surface acoustic wave filter 500 shown in 

30 FIG. 1 8 is one modification of the first embodiment hav- 
ing an unbalance-balance converting function. Here, a 
longitudinally coupled resonator type surface acoustic 
filter section 501 includes three IDTs 503 through 505. 
A surface acoustic wave resonator 521 is serially con- 

35 nected to IDTs 503 and 505, and is also connected to 
an unbalanced signal terminal 511 . A pair of balanced 
signal terminals 512 and 513 are connected to both 
ends of the center IDT 504. 

[0066] A surface acoustic wave filter 600 shown in 

40 FIG. 1 9 employs a longitudinally coupled resonatortype 
surface acoustic wave filter section 601 including three 
IDTs. The center IDT 604 from among the three IDTs 
603 through 605 has two separate IDT sections 604a 
and 604b arranged in the direction of propagation of the 

45 surface acoustic wave. An unbalanced signal terminal 
61 1 is connected to the IDTs 603 and 605 through a sur- 
face acoustic wave resonator 621 . A pair of balanced 
signal terminals are respectively connected to the IDT 
sections 604a and 604b of the IDT 604. 

50 [0067] Unlike the surface acoustic wave filter 600 
shown in FIG. 19, a surface acoustic wave filter 700 
shown in FIG. 20 has a longitudinally coupled resonator 
type surface acoustic wave filter section 701 which in- 
cludes a center IDT 704 that includes two separate IDTs 

55 704a and 704b split along a line transversely extending 
across the electrode fingers. A pair of balanced signal 
terminals 712 and 713 are respectively connected to the 
IDTsections 704a and 704b. Outside IDTs 703 and 705, 
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which are commonly connected, are connected to an 
unbalanced signal terminal 711 through a surface 
acoustic wave resonator 721 . 

[0068] In a surface acoustic wave filter 800 shown in 
FIG. 21 , an unbalanced signal terminal 81 1 is connected 
to a center IDT 804 of a longitudinally coupled resonator 
type surface acoustic wave filter section 801 . IDTs 803 
and 805 on both sides of the center IDT 804 are respec- 
tively connected to balanced signal terminals 812 and 
813 through surface acoustic wave resonators 821 and 
822. The IDT 803 and IDT 805 are aligned to be opposite 
in polarity from each other. 

[0069] The surface acoustic wave filter 800 shown in 
FIG. 21 has the three IDTs 803 through 805. In an alter- 
native arrangement, a surface acoustic wave filter 900 
of a modification of the first embodiment shown in FIG. 

22 employs a longitudinally coupled resonatortype sur- 
face acoustic wave filter section 901 including five IDTs 
903a-907a. 

[0070] A variety of package structures may be em- 
ployed when the longitudinally coupled resonatortype 
surface acoustic wave filter is packaged. For example, 
a package, which is formed of a bottom plate 251 , a cir- 
cular wall 252 secured onto the bottom plate 251 , and 
a planar cap member 253 for closing the top opening of 
the circular wall 252 as shown in FIG. 23 may be used. 
The longitudinally coupled resonator type surface 
acoustic wave filter formed on a piezoelectric substrate 
X is secured on the bottom plate 251 within the space 
254 in the package using a flip-chip technique. As dia- 
grammatically shown in FIG. 23, a variety of various 
electrodes 251 Ato be connected to the surface acoustic 
wave filter 200 are formed on the top surface of the bot- 
tom plate 251 . The surface acoustic wave filter 200 is 
mechanically and electrically connected to the bottom 
plate 251 using bumps 255 with the surface of the pie- 
zoelectric substrate X bearing the longitudinally coupled 
resonator type surface acoustic wave filter section 201 
facing downward. 

[0071] It is not a requirement in the surface acoustic 
wave filter of the present invention that the electrodes 
formed on the piezoelectric substrate be electrically 
connected to the package using bump bonding. The 
electrodes formed on the piezoelectric substrate may be 
electrically connected to the package using wire bond- 
ing. In a structure in which the electrodes of the piezo- 
electric substrate are electrically connected to the pack- 
age using the wire bonding, the impedance of the filter 
is likely to be inductive because of an impedance com- 
ponent of wires. In the structure in which the piezoelec- 
tric substrate is mounted onto the package using the flip- 
chip technique as shown in FIG. 23, the impedance is 
likely to be capacitive because inductance of wires does 
not exit. The longitudinally coupled resonatortype sur- 
face acoustic wave filter 200 which is supported in the 
package using the flip-chip technique as shown in FIG. 

23 provides the advantage of the present invention to 
an even greater extent. 



[0072] In the first embodiment, the 40 ± 5° Y-cut, X- 
propagating LiTa0 3 substrate is used for the piezoelec- 
tric substrate X. Alternatively, another substrate such as 
a 64-72° Y-cut, X-propagating LiNb0 3 substrate or a 41 ° 

5 Y-cut, X-propagating LiNb0 3 substrate may be used. 
[0073] FIG. 24 is a plan view diagrammatically show- 
ing the surface acoustic wave filter 1 000 in accordance 
with a second embodiment of the present invention. In 
addition to the construction of the first embodiment, the 

10 surface acoustic wave filter of the second embodiment 
includes a surface acoustic wave resonator 1023 con- 
nected between a longitudinally coupled resonatortype 
surface acoustic wave filter sections 1001 and an un- 
balanced signal terminal 213 and a surface acoustic 

15 wave resonator 1 024 connected between a longitudinal- 
ly coupled resonator type surface acoustic wave filter 
section 1002 and the unbalanced signal terminal 213. 
The longitudinally coupled resonator type surface 
acoustic wave filter sections 1001 and 1002 are sub- 

20 stantially identical in design to the longitudinally coupled 
resonator type surface acoustic wave filter sections 201 
and 202 except a slight difference in finger pitch in the 
narrow-pitched electrode finger portion. Surface acous- 
tic wave resonators 1021 through 1024 are identical in 

25 design to the surface acoustic wave resonators 221 and 
222. 

[0074] FIG. 25 plots the transmission characteristics 
of the surface acoustic wave filter 1000 of the second 
embodiment thus constructed. FIG. 26 plots the VSWR 

30 characteristics of the surface acoustic wave filter 1 000 
at the input thereof (the unbalanced signal terminal 
21 3) , and FIG . 27 plots the VSWR characteristics of the 
surface acoustic wave filter 1000 at the output thereof 
(the balanced signal terminals 214 and 215). 

35 [0075] The surface acoustic wave filter 1000 shown 
in FIG. 24 presents better VSWR characteristics than 
the first embodiment without degrading the passband 
characteristics thereof. 

[0076] FIG. 28 plots, in a Smith chart, reflective char- 
ge acteristics S1 1 at the input of the surface acoustic wave 
filter 1 000, and FIG. 29 plots, in a Smith chart, reflective 
characteristics S22 at the output of the surface acoustic 
wave filter 1000. As understood from FIGS. 28 and 29, 
the resonance mode C is placed closer to the imped- 
^5 ance matching point than in the first embodiment. The 
second embodiment presents better VSWR character- 
istics than the first embodiment. With an increased 
number of serially connected surface acoustic wave res- 
onators in addition to those in the first embodiment, the 
50 second embodiment suffers from a slight degradation in 
insertion loss within the passband. The second embod- 
iment is therefore more advantageous than the first em- 
bodiment in a filter application in which the VSWR char- 
acteristic is more importantthan the insertion loss within 
55 the passband. 

[0077] The longitudinally coupled resonatortype sur- 
face acoustic wave filter 1000 of the second embodi- 
ment includes the surface acoustic wave resonators 
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1 023 and 1 024 respectively serially connected to the in- 
puts of the longitudinally coupled resonator type surface 
acoustic filter sections, namely, the terminals to which 
a smaller number of IDTs is connected. The resonance 
frequency of the surface acoustic wave resonators falls 
within the passband of the longitudinally coupled reso- 
nator type surface acoustic wave filter sections 1001 
and 1 002, and the antiresonance frequency of the sur- 
face acoustic wave resonator falls out of the passband 
in the vicinity of the high frequency region of the pass- 
band. The use of the surface acoustic wave resonators 
1021 through 1024 places the impedance of the reso- 
nance mode C in the high frequency region of the sur- 
face acoustic wave filter 1 000 closer to the impedance 
matching point. The second embodiment thus presents 
better VSWR than the first embodiment. 
[0078] FIGS. 30 through 35 are circuit diagrams 
showing modifications of the surface acoustic wave filter 
1 000 of the second embodiment. 
[0079] A surface acoustic wave filter 1100 shown in 
FIG. 30 is a modification of the surface acoustic wave 
filter 1000 having an unbalance-balance converting 
function. A longitudinally coupled resonatortypesurface 
acoustic wave filter section 1101 includes three IDTs 
1103 through 1105. A surface acoustic wave resonator 
1121 is serially connected to each of the IDTs 1103 and 
1 1 05, and is also connected to an unbalanced signal ter- 
minal 1111 . A pair of balanced signal terminals 1112 and 
1113 are respectively connected to both ends of the 
center IDT 1 1 04 through surface acoustic wave resona- 
tors 1122 and 1123. 

[0080] A surface acoustic wave filter 1200 shown in 
FIG. 31 uses a longitudinally coupled resonator type 
surface acoustic filter wave section 1201 having three 
IDTs. The center IDT 1204 from among the IDTs 1203 
through 1205 has two separate IDT sections 1204a and 
1204b arranged in the direction of propagation of the 
surface acoustic wave. An unbalanced signal terminal 
1211 is connected to each of the IDTs 1203 and 1205 
through a surface acoustic wave resonator 1 221 . A pair 
of balanced signal terminals 1212 and 1 21 3 are respec- 
tively connected to the IDT sections 1204a and 1204b 
of the IDT 1 204 through surface acoustic wave resona- 
tors 1222 and 1223. 

[0081] Unlike the surface acoustic wave filter 1200 
shown in FIG. 31, a surface acoustic wave filter 1300 
shown in FIG. 32 has a longitudinally coupled resonator 
type surface acoustic wave filter section 1301 which in- 
cludes a center IDT 1304 that is split into two IDTs 1 304a 
and 1304b along a line transversely extending across 
the electrode fingers. A pair of balanced signal terminals 
1312 and 1313 are respectively connected to the IDT 
sections 1304a and 1304b through surface acoustic 
wave resonators 1 322 and 1 323. Outside IDTs 1 303 and 
1305, which are commonly connected, are connected 
to an unbalanced signal terminal 1311 through a surface 
acoustic wave resonator 1 321 . 
[0082] In a surface acoustic wave filter 1400 shown 



in FIG. 33, an unbalanced signal terminal 1411 is con- 
nected to a center IDT 1404 of a longitudinally coupled 
resonatortypesurface acoustic wave filter section 1401. 
IDTs 1403 and 1405 on both sides of the center IDT 

5 1 404 are respectively connected to balanced signal ter- 
minals 1412 and 1413 through surface acoustic wave 
resonators 1422 and 1423. The IDT 1403 and IDT 1405 
are configured to be opposite in polarity from each other. 
[0083] The surface acoustic wave filter 1400 shown 

10 in FIG. 33 has the three IDTs 1403 through 1405. In an 
alternative arrangement, a surface acoustic wave filter 
1500 of a modification of the second embodiment, 
shown in FIG. 34, employs a longitudinally coupled res- 
onatortypesurface acoustic wave filter section 1501 in- 

15 eluding five IDTs 1503a-1507a. 

[0084] A modification of the surface acoustic wave fil- 
ter 1 000 shown in FIG. 35 includes a longitudinally cou- 
pled resonator type surface acoustic wave filter section 
1001 including a serial connection of a longitudinally 

20 coupled resonator type surface acoustic wave filter sec- 
tion 1001 A and a longitudinally coupled resonator type 
surface acoustic wave filter section 1 001 B, and a longi- 
tudinally coupled resonator type surface acoustic wave 
filter section 1 002 including a serial connection of a lon- 

25 gitudinally coupled resonator type surface acoustic 
wave filter section 1002A and a longitudinally coupled 
resonator type surface acoustic wave filter section 
1002B. 

[0085] In the above embodiments, a single surface 

30 acoustic wave resonator is connected to each of the in- 
put and output of the surface acoustic wave filter sec- 
tion. Alternatively, a plurality of surface acoustic wave 
resonators may be connected to each of the input and 
output of the surface acoustic wave filter section. 

35 [0086] Referring to FIG. 36, two surface acoustic 
wave resonators 1021a and 1021b may be connected 
to the output of the surface acoustic wave filter section 
1 001 . and two surface acoustic wave resonators 1 022a 
and 1022b may be connected to the output of the sur- 

40 face acoustic wave filter section 1 002. 

[0087] FIG. 37 is a plan view diagrammatically show- 
ing the electrode structure of the surface acoustic wave 
filter 250 of a third embodiment of the present invention. 
Electrode fingers are serially weighted in each of IDTs 

45 208 and 21 0 in a longitudinally coupled resonator type 
surface acoustic wave filter 202. Specifically, each IDT 
has several serially weighted electrode fingers in the ar- 
ea thereof that is adjacent to another IDT. The rest of 
the surface acoustic wave filter 250 remains identical to 

50 the surface acoustic wave filter 200 of the first embodi- 
ment. 

[0088] Weighting of the electrode fingers improves 
amplitude difference and phase difference, each of 
which is important in the surface acoustic wave filter 
55 having the unbalance-balance converting function. Spe- 
cifically, the weighting may be incorporated to compen- 
sate for a deviation in the amplitude characteristic and 
a deviation in a phase difference of 1 80° of the longitu- 
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dinally coupled resonator type surface acoustic wave fil- 
ter sections 201 and 202. 

[0089] If the weighting is introduced in the adjacent 
portion of each IDT, the resonance mode C shown in 
FIG. 7 becomes high impedance. The VSWR in the 
passband may be degraded. However, since the prop- 
agation path of the surface acoustic wave is not made 
discontinuous, the quality factor Q itself of the reso- 
nance mode is not degraded. In the third embodiment, 
the VSWR is improved as in the first embodiment by 
placing the impedance at the resonance mode C close 
to the impedance matching point using the surface 
acoustic wave resonators 221 and 222. 
[0090] FIG. 38 shows a surface acoustic wave filter 
1 050 which is produced by serially weighting the surface 
acoustic wave filter 1000 of the second embodiment. 
The surface acoustic wave filter 1 050 places the imped- 
ance at the resonance mode C close to the impedance 
matching point using surface acoustic wave resonators 
1 021 through 1 024, thereby improving the VSWR in the 
same way as in the second embodiment. 
[0091] Referring to FIGS. 37 and 38, electrode fingers 
are serially weighted in the areas of the IDTs 208 and 
210 that are adjacent to other IDTs, and electrode fin- 
gers are serially weighted in the comparable areas of 
the IDTs 1008 and 1010. Other weighing methods may 
be used. For example, the electrode fingers may be 
weighted by decimating thefingers, by varying the trans- 
verse width of the electrode fingers, or by varying the 
duty factor of the electrode fingers. 
[0092] FIG. 39 is a plan view diagrammatically show- 
ing the electrode structure of the surface acoustic wave 
filter 1600 in accordance with a fourth embodiment of 
the present invention. In the surface acoustic wave filter 
1600 of the fourth embodiment, longitudinally coupled 
resonator type surface acoustic wave filter sections 
201 X and 202X have no narrow-pitched electrode finger 
portions. Instead, reflectors 1601 through 1604, each 
having almost the same electrode finger pitch as the 
narrow-pitched electrode portion, are provided. The rest 
of the fourth embodiment remains unchanged from the 
surface acoustic wave filter 200 of the first embodiment. 
[0093] Since each of the reflectors 1 601 through 1 604 
is placed in the longitudinally coupled resonator type 
surface acoustic wave filter sections 201 X and 202X in 
an area where IDTs are adjacent to each other, the im- 
pedance at the resonance mode C may become high, 
and the VSWR within the passband may be degraded. 
However, since the propagation path of the surface 
acoustic wave is not made discontinuous in the fourth 
embodiment, the quality factor Q itself of the resonance 
mode is not degraded. As in the first embodiment, the 
VSWR is improved by placing the impedance at the res- 
onance mode C close to the impedance matching point 
using the surface acoustic wave resonators 221 and 
222. 

[0094] FIG. 40 is a plan view diagrammatically show- 
ing a surface acoustic wave filter 1700. The surface 



acoustic wave filter 1700 is produced by removing the 
narrow-pitched electrode finger portion from the surface 
acoustic wave filter 1000 of the second embodiment, 
and by providing instead reflectors 1701 through 1704, 

5 each having an electrodefingerpitch substantially equal 
to the electrode finger pitch of the narrow-pitched elec- 
trode finger portion. In the surface acoustic wave filter 
1 700, the use of surface acoustic wave resonators 1 021 
through 1024 places the impedance at the resonance 

10 mode C close to the impedance matching point, thereby 
improving the VSWR in the same way as in the second 
embodiment. 

[0095] In the surface acoustic wave filters according 
to certain preferred embodiments of the present inven- 
ts tion, at least one surface acoustic wave resonator is se- 
rially connected between one of the input terminal and 
output terminal and a longitudinally-coupled resonator- 
type, threefold mode surface acoustic filter section in- 
cluding at least two IDTs each having a narrow-pitched 

20 electrode finger portion. The impedance of the surface 
acoustic surface acoustic wave filter section at the res- 
onance mode in the highest frequency region is capac- 
itive. The resonance point of the surface acoustic wave 
resonator falls within the passband of the filter, and the 

25 antiresonance point is placed in the vicinity of the high- 
est frequency region of the passband. The impedance 
of the surface acoustic wave filter section at the reso- 
nance mode in the highest frequency region is close to 
the impedance matching point. With the impedance at 

30 the resonance mode in the highest frequency region set 
to be capacitive, impedance matching is performed us- 
ing the added surface acoustic wave resonator. In other 
words, the resonance mode in the capacitive imped- 
ance is set to be close to inductive impedance, by sub- 

35 stantially coinciding the frequency band of the reso- 
nance mode in the high frequency region working in a 
capacitive impedance with the frequency band working 
in an inductive impedance of a trap circuit (the frequency 
band between the resonance point and the antireso- 

40 nance point). Specifically, since the resonance mode in 
the highest frequency region is set be close to inductive 
impedance, there is no need for narrowing the frequen- 
cy separation between the three resonance modes. A 
wide band feature is thus easily implemented. Since the 

45 surface acoustic wave filter section having the narrow- 
pitched electrode finger portion is used, the insertion 
loss within the passband is reduced. Even with the wide 
band feature implemented, the VSWR characteristic is 
improved without degrading the transmission character- 

50 istic in the passband. 

[0096] In other preferred embodiments of surface 
acoustic wave filter, at least one surface acoustic wave 
resonator is serially connected between one of the input 
terminal and output terminal and a longitudinally-cou- 

55 pled resonator-type, threefold mode surface acoustic fil- 
ter section including a reflector, arranged between ad- 
jacent IDTs, the reflector(s) having a plurality of elec- 
trode fingers at a electrode finger pitch narrower than 



11 



21 



EP 1 341 304 A2 



22 



each IDT. 

[0097] The impedance of the surface acoustic wave 
filter section at the resonance mode, out of the three 
resonance modes, in the highest frequency region be- 
comes capacitive. The resonance point of the surface 5 
acoustic wave resonatorfalls within the passband of the 
filter, and the antiresonance point is placed out of the 
highest frequency region of the passband. The imped- 
ance of the surface acoustic wave filter section at the 
resonance mode in the highestfrequency region is close 10 
to the impedance matching point. With the impedance 
at the resonance mode in the highestfrequency region 
set to be capacitive, impedance matching is performed 
using the added surface acoustic wave resonator. In 
other words, the resonance mode in the capacitive im- 15 
pedance is set to be close to inductive impedance by 2. 
substantially coinciding the frequency bandwidth at the 
resonance mode in the highest frequency region with 
the frequency band of the trap circuit in the inductive 
impedance. Since the surface acoustic wave filter sec- 20 
tion having the narrow-pitched electrode finger portion 
is used, the insertion loss within the passband is re- 
duced. Even with the wide band feature implemented, 
the VSWR characteristic is improved without degrading 
the transmission characteristic in the passband. 25 3. 

[0098] The present invention also provides a commu- 
nications apparatus making use of one of more surface 
acoustic wave filter devices according to any of the var- 
ious above-described embodiments of the invention. 
[0099] Although the present invention has been de- 30 
scribed in terms of certain illustrative examples of em- 
bodiments thereof, it is to be understood that modifica- 4. 
tions and variations can be made in the details of the 
specific embodiments without departing from the 
present invention as defined in the accompanying 35 
claims. 



Claims 

40 5. 

1 . A surface acoustic wave filter (200) comprising: 

a surface acoustic wave filter section (201/202) 
comprising a piezoelectric substrate (X), at 
least two interdigital transducers 45 
(203-205/208-210) arranged in a direction of 
propagation of a surface acoustic wave on the 
piezoelectric substrate; and 
at least one surface acoustic wave resonator 
(221/222) connected in series between the sur- so 
face acoustic wave filter section (201/202) and 6. 
one of an input signal terminal (213/214,215) 
and an output signal terminal (214,215/213), 

wherein the surface acoustic filter section 55 
(201/202) is a threefold mode surface acoustic filter 
section of a longitudinally coupled resonator type, 
and impedance of the surface acoustic wave filter 



section is capacitive in a resonance mode in the 
highest frequency region out of three resonance 
modes, 

wherein the resonance point of the surface 
acoustic wave resonator (221/222) is positioned 
within a passband of the surface acoustic filter sec- 
tion (201/202), and the antiresonance point of the 
surface acoustic wave resonator is positioned in the 
vicinity of the high frequency region of the passband 
of the surface acoustic wave filter section, and 

wherein the surface acoustic wave resonator 
(221/222) is formed so that the impedance in the 
resonance mode positioned in the highest frequen- 
cy region is close to an impedance matching point. 

A surface acoustic wave filter according to claim 1 , 
wherein each of the binterdigital transducers 
(203-205/208-21 0) has, at the end or ends thereof 
that are adjacent to other interdigital transducers, a 
narrow-pitched electrode finger portion (s) in which 
a pitch of electrode fingers is narrower than that of 
electrode fingers in the remaining portion of the in- 
terdigital transducer. 

A surface acoustic wave filter (250/1050) according 
to claim 1 or 2, wherein at least a portion of one or 
more of the interdigital transducers 
(208,210/1008,1010) is weighted in an area where 
a plurality of interdigital transducers are adjacent to 
each other in the surface acoustic filter section. 

A surface acoustic wave filter (1600/1700) accord- 
ing to claim 1, and further comprising a reflector 
(1601 -4/1701-4), arranged between adjacent inter- 
digital transducers, the reflector(s) having a plurality 
of electrode fingers at an electrode finger pitch dif- 
ferent from the finger pitch of the interdigital trans- 
ducers. 

A surface acoustic wave filter according to any one 
of claims 1 to 4, wherein the surface acoustic filter 
section (201/202) includes an odd number of inter- 
digital transducers (203-5/208-21 0), and wherein at 
least one surface acoustic wave resonator 
(221/222) is connected between the surface acous- 
tic wave filter section and one of the input signal ter- 
minal (213/214,215) and the output signal terminal 
(21 4,21 5/213) whichever has a larger number of in- 
terdigital transducers connected thereto. 

A surface acoustic wave filter (1000) according to 
any one of claims 1 to 4, wherein the at least one 
surface acoustic wave resonators include at least 
one surface acoustic wave resonator 
(1023,1024/1021,1022) connected in series be- 
tween the surface acoustic wave filter section and 
the inputsignal terminal (213/214,215), and at least 
one surface acoustic wave resonator 
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(1021,1022/1023,1024) connected in series be- 
tween the surface acoustic wave filter section and 
the output signal terminal (214,215/213. 

7. A surface acoustic wave filter according to any pre- 5 
vious claim, comprising a plurality of surface acous- 
tic wave resonators (1 021 a.b/1 022a, b) connected 
between the surface acoustic wave filter section 
and at least one of the input signal terminal and the 
output signal terminal. 10 

8. A surface acoustic wave filter according to any pre- 
vious claim, wherein at least one of the input signal 
terminal and the output signal terminal comprises a 
pair of balanced signal terminals (214,215). 15 

9. A surface acoustic wave filter according to any pre- 
vious claim, wherein the input signal terminal and 
the output signal terminal function as an unbalance- 
balance converter with one of the input signal ter- 20 
minal and the output signal terminal being a bal- 
anced signal terminal, and the other of the input sig- 
nal terminal and the output signal terminal being an 
unbalanced signal terminal. 

25 

10. A surface acoustic wave filter according to claim 9, 
wherein the surface acoustic wave filter section 
comprises a first surface acoustic wave filter block 
(201) and a second surface acoustic wave filter 
block (202), an output signal of the first surface 30 
acoustic wave filter block is different in phase by 
180° from an output signal of the second surface 
acoustic wave filter block, ends of the first and sec- 
ond surface acoustic wave filter blocks are connect- 
ed together, functioning as an unbalanced signal 35 
terminal (213), and the other ends of the first and 
second surface acoustic wave filter blocks function 

as balanced signal terminals (214,215). 

11. A surface acoustic wave filter (500) according to 40 
claim 9, wherein the surface acoustic wave filter 
section comprises a single surface acoustic wave 
filter block (501), terminals of the surface acoustic 
wave filter block function as a pair of balanced sig- 
nal terminals (512,513), and the other terminal of 45 
the surface acoustic wave filter block functions as 

an unbalanced signal terminal (511). 

12. A surface acoustic wave filter (600/700) according 

to claim 10, wherein at least one interdigital trans- so 
ducer of the surface acoustic wave filter section is 
split into first and second separate interdigital trans- 
ducer sections (604a,b/704a,b) split in a direction 
across the electrode finger or in a direction of prop- 
agation of a surface acoustic wave. 55 

13. A surface acoustic wave filter according to any pre- 
vious claim , wherein the surface acoustic wave res- 



onator and the surface acoustic wave filter section 
are formed on the same piezoelectric substrate (X). 

1 4. A surface acoustic wave filter according to any pre- 
vious claim, further comprising a case plate (251), 
wherein the piezoelectric substrate (X) is mounted 
on the case plate (251) in a manner such that the 
side of the piezoelectric substrate bearing the sur- 
face acoustic wave filter section and the surface 
acoustic wave resonator faces the case plate. 

15. A communications apparatus comprising a surface 
acoustic wave filter according to any of claims 1 to 
14. 
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